^/rTC 29^^ 2084 



mmmmm 




2003 ^10 9 H (09.10.2003) 



PCX 



(10) 

WO 03/083843 Al 



(51) gBS^I^f^S'; 
(21) 

(22) SfeUSB: 

(25) mtstumommi 

(2Q BiK^MCDVIi: 
PO) 

1$]ii2002-096582 



GllB 5/851,5/66. 5/738 
PCT/JP03/03440 
2003 *3 «20 a (20.03.2003) 

2002 *3 ^ 29 B (29.03,2002) JP 



(71) mmx(^mt:»<±r(om&miz'Di'^x)i 7^ 

(ANELVA CORPORATION) [JP/JP]; T 
183-8508 iff *Tfi Bg«5-8-l Tolg^o(JP). S±« 

«»SC*tt (FUJI ELECTRIC CO^ITD.) [JP/JP]; =f 
210-9530 ff^JIIA jlllURrt] JI|«fZ EBSl«rE9 1 S 1 
Kanagawa (JP). QfaSXtifc^dtt (SHOWA DENKO 
ICK) [JP/JP]; =f 105-8518 SB S^Pl-TB 

1 3 » 9 Tokyo (JP). 



(71) ffliHAfccfet; 

(72) IS^ W (TAKAHASHI^igaku) [JP/JP]; t982. 
0222 SMlg flil^rfi *aKA*ffl2TB20.2 Miyagi 
(JP). 

(72) »^#;fe«fct; 

(75) «W#/ttJaA r^SI^-^t^TCD^;: V^^y^ 
^ y bf K (DJAYAPRAWIRA,David) [ID/JP]; 
T980-O806 S«lSTilj'&m»«ES«* »S 0 5 
K**^**ltSX^5lfK»«^X^»«rt Miyagi 
(JP). ±n S&IS mOMON^iiroki) [JP/JP]; t 980-0806 

^figX^WSE^ST-X^Sftrt Miyagi (JP), -gfl- It 
(YOSHIMURA,Satoru) [JP/JP]; =r 980-0806 S'ttBUllJ 

St^S-=f-X^#?!crt Miyagi (JP). 

(74) ftSA: UJP « , n(YAMAGUCHI,Iwao et aL); T 

141-0022 SR^Rm 2 rs 3S2-^ uj 

PHfBl^fff^SBfrt Tokyo (JP). 



(81) JB5eS (^rt;: KR, SG. US. 



(54) Title: MAGNETIC RECORDING MEDIUM, ITS PRODUCTION METHOD, AND MAGNETIC RECORDER 

(54) mmo^m ttftiB&tti*:. ^(D»s&^Ai^jiismai^»&m: 



9 

00 
00 




(57) Abstract* A method for 
producing a magnetic recording 
medium having a fiat surface and 
a strong shift magnetic field, and 
excellent in thermal stability. The 
method for producing a magnetic 
recordmg medium (10) comprising 
a nonmagnetic base (1), a metal 
underlying layer (2) formed on 
the nonmagnetic base (1), and 
a ferromagnetic metal layer (3) 
formed on the metal underlying layer 
(2), The method is characterized 
by comprising a step of forming 
the ferromagnetic layer (3) where 
ferromagnetic fibns (3a, 3b) and one 
or more nonmagnetic metal spacer 
layer (4) are alternately formed in a 
multilayer and a step of allowing at 
least the interface of the nonmagnetic 
metal spacer layers (4) to physically 
adsorb oxygen and/or nitrogen. 
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<^ iRl ± i ^K-fbS <li o {S^<^ Pi St 75s 3^ «) n T 5 o 

mi lat:):, Fimm(Dm^fRmmi^(Di^mmvib . mi zmttm 11m 
jc^i- A - A j» fc ?& 5 m^»f ® El tf *> 5 . 

att^JRJB 9 5 i: i!fej»JH 9 6 i: X. -CfllfiK S irr S . 

A 1 ^ itit :if ;^ ^ tl: ^ 9 2 <Dmm±iZN i -P ii^^fj:i0m 
ikm 9 3 ISS: JtT ?i S t <^ V> P> V^ -5 . -tUT, Z<Dmf$9 l(D±iZ 
tt, iWJx.«C r *»e>'te5^JRTifiJS 94, CoCrTa&SV^ttCoCrT 
a P t ^if JiSa^ltBIWftatt^Jl® 9 5 . * — JJ? V Jfc if * S 
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ms 6 iJJiJjjiKe ^tbTt^S. AM6«J'i#®OJl$ tt, ^^Ktt (N i -P) 
S93;SS5Aiin~l 5 fji m . (Cr) TtlS® 94iS50nm~150n 

m. !filK'l4^JSJi 9 5*S3 Onm~l OOnm. ^^S9 6dS20nm~5 

#C>IC J; >3 a#$*l,TV'»-5o (M. Takahashi, A. Kikuchi and S. Kawakita : 
IEEE Trans. On Uagn. , 33. 2938(1997)) 

& 2 0 

;6S 0 . 7 nmSS©i>^flaH44kJS*RIJS ( R u ) A-f 5 C t 

♦^Sai® 7 * y iK^IBISiE^*:aS#|g (E. N. Abarrra. A. Inomata, 

H. Sato. I. Okamoto, and Y. Mizoshita: AppL. Phys. Lett.. 77, 2581(2000)) 
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© fRj ± *s * * e> tr, -C V ^ S o 
ale ISM fi, ±m<r>^mi:^-^^9tfS.n»mP^i:mmi-^ r i: «r Sfi<JO l o 
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JiOfifcie{cffiv>5;y;^*s. A r Xfi^ixW^to^fr;^;^ {c, ift * »± ^ 5Jf Sr 
}S -g- U -Ofc S «1 -X -e fe 5 i ifip m i: -5 . 

Sim*:fett^^O^JE^, 1 0-»T o r r Sl± 1 Q-'T o r r ^T<^i^mt 

# 5o «afB^>flE*S 1 0 -»T o r r (= 1 3 3 X 1 0 P a ) <C)«-^ »4 , 
H..dS/h$ < S ^ rp] »C $> !3 , 10-»Torr (=133X10 "'P a) ^jg 

4)-ffiSr, 3 XI 0-«To r r«±3X10-'To r rKTt-rSwt*5J:(3/if 
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— f-Jitb-C. Ru, Ir. Cu, Os t^f:>mt£i^l^> imSl±<07cm'S: 



wo 03/083843 PCT/JP03/03440 



$ ?>tc, ;*:|S5g(c^S<K^IE^jfi*t:f4, h^^H., 1 5 0 0 O 

t *s -t? # 5 , 

^yf-s msa^JKtt^Jia^-i— i^a*s, ru, i r, cu, os*»e>®tftus 

flfr IE 3fi «a liE t <0 Ifi S , ^ ^ & / X t± S ^ *s ffe a W ilf S T V > S i 
O!gJ?:;0^ 0. 5nmiJt±l. 0 n mfiilT t i: bv^o 



^ 1 i^?tm.(r> 



- H « -e & s IK ^ IB Mi «E »f B5 « fife 0 -e s . 
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5. 

m 2ia«, mi 1 0K:^-f-««^l5»jKfls:<^Wf®«3§Sr7i^i-ia-CfcS. 

10.20 mm.fs.mm{^ 
3 mmi^^mm 

3 b $^2<^!lli»1£il|[ 
3 c m 3 <7)3dfl£«tlBI. 
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4. 4a, 4b 0miSE^m:^^--^m 
5 isk^m: 

3 a . $^m^&m:^-<--^m 4, <ommi±m 3 b ^m\cmm Lftmm 

®i^!Blti«fl= i: r V^ -5 „ 

Sit. B 1 ia{C;^-t-2|5:|IKE?^«8 0iK^IB^SI(*: l 0 omS«itt±, *5SBJ 

ffil3 a to[M3fcft&oq»raaSrj6:«Sirj$:ii-cifi:»-tfc«fiKi l.XiiBL< 2m 

\z7^-rmfsiis.»mi^ 2 o <o x o ic^m i mi^^-rm^mmmf^ 1 0 tmm<o 
m^mm^m ffi^sstt^jfsg 3 75s. ^1 6D3fi«[ttii^3 a 0m^^m:^ 
-i-f-s 4 a ^2 5sai4iei3 b t. ^mm^m:!^^--9-m 4 h m3 
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g^*: 1 LTf±, ;^ m^<Dm'^. - -)- :y P) §s^ik (o <D t^m 

=^3z6i-5 5fiai4^JgJg^Srta:»tyS:S«c. /ji *3 *, a ^ IB ili f i . 
m.fS.nm:t3 XXJ^W^f^. RIK® f 'i>*tl! i:L-C.'0U;tri3 6. OOr pm~l 
5 0 0 0 r p mOmm-^mm^-^X^m dtbS. O i iK^|a<|kjt«£<^ 

^®3^^4«®o±SSr^K^^ o. 1 /i m@^o;iSc?. fc-s^M*^ i o 

l^±*SSItt, iai!li"S J; 5 JC<Co r (Contact start Stop:CSS) » 



wo 03/083843 



PCT/JP03/03440 



10 

±m'r ^ \z-o\,^x\±.m 1 2mic7jk-r'^^mj^<Dtia < n i - p 

t N i - P^*>e>/j:Si>^aitte i b o^Stcf^^ ^J^sKU-c ^v>o 

U'-H^'ijQXfc iST^^';^^-^^^*, y :^ j: s Bi ft 6<3 /.c Dfl a 1^ 

^ f- ^ . ^mm<D =^ y J: 6IMIiaS!(^7' ^ /jJ if SrJ^Sfe Lfcfifat 

SrJ^fi)c-r 5 r t J; tj , S«c i _b»cj^fife ^nS^MTflS® 2 (Z) gB IpJ ® IE 
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3 (^^*^»;'3S:^^ i 5o JbiB^Jg Tifi® 2 . 2®S 

i-r -W^fdf, Mo, W. Ti, V, Nb. Ta^i: (^m^^fc-g-t? 

**S^V^P>*V, CrMo-^^, C r W-g-^Srffi (r^ S r. i: jif ^ LV^o 

Sit, 1 t LT;5f 7 ^S«Sr^ v^S^-a-tctt, N i - A 1 fc^^^tiN 

i - N b /ji if(^'>- h^mir^mrmm 2 irSflci ^ owtcsait s t^ds^f 
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(Dmmu^ ■hm:k-r zm^icfj: u l /j; e> , mm.fd.mmi^<D?s.m^m 

*3g§^-^?^VNC>ix5 5fi®i^±^jSS 3 i:m^ir^3&m^m3 a t 3 b fi h 

c p«3iS:^-r5 3fia^^4feJR«■ii6^^»p>/j;sjl-efe5, ine»<o5SnKttiig3 a 
mm 3 b (DBmstM^st. t . ttmm^^mm 3 a oa@i%]^%s-eib 9 . 

5fi«att^JR@ 3 a 3 b ^«fiSii-5«-i|Sf t L-Ctt. C o ^±^^ t-Ti, C 

liCoNiCr, CoCrTa, CoPt, CoCrPt, CoNiPt, 
CoNiCrTa, CoCrPtT a ^Srl^lf 5 i 4: iix 
feO-g-^tC B,N. O.Nb, Zr.Cu.Ge, Si ^^i^fc^tf *tS 1 @ 

€ 3 a <^>±^ysi(i3fiai£^Jis 3 b <DT^z 1 n mm&<Dmm-cc o 
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^offlJcRKKYSSmtaSf^ffi J „*$^C. r.<^ J „o#t5eic J: 0 . 

a (Crt?35«|^;SS^C«o i O rt«fB«i# <^ IrJ * »43fi«ttlill 3 b«)filYk(^|^ 

< , ;5-o, i^^m^iti^tE l^^j: \^^Wi'^ . mUi^m 3 a f 3 b <^afb;JS^¥ff 

<R9) ^J:*5^^'Cl±. Bkmmm 3 a . 3 b <^>jK^b<^f^# ^±v^Ti^'t>^^fpamtol^^l 

jci-So :l<D'>7 hmnH„\-i. |g4 Ejc^-r J: 5 li. fe S «E «c Sr fiU 

1000 (o e) ek±ti-^:i tt^m-^ u< , roj; 

5 *«SSBi: i-5 ^ tXy i^mtJ 20O0~4000Oe O «E (i*: |C 43 5 SSl fit 

TtSo J: fJ i^^^fr fi, ±fS^S^K;^<^^i<i|E|c*5^^-c K u V/ k bT Sr 8 o~ 
9 0 ■ti>^tii^X^^c *fc. HKJ!LH„ 1 5 O 0 O e ex±i: 

■rs^brf. Ku V/kaTt: 1 0 0£<±ti-Sr.ir!dS-C#5. 

VNTtts 2 5 0 OO e SrilS;!* HK#Sr#5 OttBM-Cfo S« 
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^SJltt&JS;^-^--!*-* 4 ttBIJSjJS 0 . SnmUHil. 0 n m T © tSffl 

m iF- o A M ^ ^ ;J5 ^ )t yS: * {c. IS Si ff ^ iRp -t* fc SE i^ S ^ 12 ft: (7) ®i 3t 
» Jh 3! O t ^ -rn * » K: RS $ S t O -e 14 JlC V ^ o 
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mti^m,T^m2s s^mti^Mss (saa^igisa, nm'^^WkTs-^.-^^ 

^ L-C. :*:^l^tc^SS!3t::^felC J: t)«;^l2^^KflE 1 0 Sr^at-T -5 ^-S". 
3 a , 3 b t <7)#iSfc®?3!fSTj«/xtt^*«r«aaW»c!a«$*S«i3®«r^T 5 . 

r (D «!; 3S f C O V ^ T T J- 1¥ JNB {C Ift 5 . 

#^JKtt^M^'<-lJ-® 4 i: , ^2 (©as IK ft Alls b t ©Ifi® 0^lci6^at;t 
ift ^ is J: / 4 tt ^ ^ Sr tf # ffl ^ IK 14 ^ JS - -9- S 4 © ^ ffi 

*«tt&JR;^-i— t^JS 4 &fllAd£-f-5»-&»w« lOL (,7 ^ K : 
Langmuir) a± ^ 5 ^ :5S » * L V>. r r. 1 L t lX10-*To 
r r -e 1 "kPfUm^-r^i)^. IXlO-'Torr-Cl 0 |i>M^ggi-S r i: Sr« 
*L,25Li«:lX10-«Torr-C25 li> K US ® "T S . 1X1 0 ''T o 
r r ■(•2 5 Otl>WlgSi-Si i Sr«!*-f 5, 
Dili. lliS<^a!iSilc:^(t 2^li;-^S^<0^J£. ll»9r^ffif±. ^^i^^Jg;^^ 
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SW:. A r ^ikLttHk^:^ t <Dm^^:^ »C*5«-6 5^JE-C. 1 O'^T o r r UA± 
1 O-'T o r r WT©«SSi t-f-S r UVNo 

iFf2iS'^;<f X fc-^*4xSMg^X«^3^co^E«. 3 x i o-*T o 
r r W±3 XlO-^To r r &.T t ^ :l t t^tS--^ o 5 ISiS i: 1" S w 
i:T?. 1 5 0 0 O e UH-Losi^^ HKIfSr^S r. t ^ KuV/ksTSr 

1 0 0 lSt± i -f S i -e * 5 . 

2O, O2, CO2. Hj. N2, C,H,. H. C, O. C O ^;JS^»f t.tb5o # 

t^c■&i4^■cv^SH20. O2. CO2, o. CO (o^-^m-t t tiri,, 
(iKfl£0«iia*> R a ) 
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6::i:j5i-e#5. riXfi. l#^Ktt^JS;^^-■t^^<^#®m$ fi, orange peel 
^mtPftftfCV^S Neel 0^-7*/W{C i 13 , ffiJKttgl^® {ca«E S:^^ L> 

i:ifi^htlX\t^i (L. NeelrComp. Rend, Acad. Sci., 255, 1545 (1962)) „ 

B 5 laiC, N e e 1 * S: Ift 5 i«) <© fji [3 T fc "9 s SfiJKtt^JSIP 3 

(J. C. S. Kools. W. Kula, D. Mauri and T. Lin: J. Appl. Phys. , 85, 4466 

(1999)) srjs«u> [mi] i:m\^^xmm.mmmicm< mm^&3^^'^^^^l' 
(Sci) 

J^ierg/cm') = 2^^^^ «^pf- 2«->/2 ^Yl -expf- 2«'V2 -^11 
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^m4.Rx:^mm&m3 a. ( 3 b ) ojn^^r^ u-cv^5o 

^<OX. R a fi/jN $ VN:;&*J^f * LV^o tSo T. m{$^ l <^^®a$ R a 

a = 6nm~8nm-CS>-5. S e> »C ^|S^^ ^ 0 :fc * |C li , 

S*»e>SflE«>*®m$ R a tt, J: 9 /h$/it>Oi$S« Uv^o t^oT. Sflco 

ytflUto^i-g-lCT'^' SrS!:»tfcJb-T?R a i . 5 n miJtTtc* "CffiigJi- 

5 dS/i $*fC*5 *) . i|*»J/ji<9FSft!fS^Jfe L^t N i p/a l R a 

S: 0 . 5nm~0. 7 n m i: f -5 w t t f ^ 5 » 



wo 03/083843 



FCT/JP03/03440 



19 

= !^ A-^^Sflsc^^StClSttit (Ni-P) l^fd^LT. 

tjj>u. ±ia rs<*:o^®a^j c^^-ea^-j^^a* . .tiH-r ;3^.^•\' 
(ll]i«»J) 

i^mm 1 ) 

l*:fifeffi|l^0S&3!f (O,) ;tf;^^mSr 1 O'^T o r r ~ l 0-* «T o r r ©gSffl 

mmM^m^ lO-'Torr-^. rn-fe;^;{f;^ '=1' <0 ^ M 'fe Jt S 1 p p b IJA 
Tt LfcjSftif-T'P -fe-x SrM^^-Cfi!cMSr^To^o -tOlR, SflcfflS ttJfeM^D 
i8lk--^'S:^V^■C2 SCCiL, Sfl^JPSR^, Ar;tf;^JE2~5mTo r r 

SJcii-ff-c^f ofc. ^yt, ^JST«je43 J;u«5fi^K^±^Jl^<ofifeJl^f^^cs^JS'- 
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mmM^m<Di^ — ^ h t LTCrMo^o^-'^^s/^srfflv^, Ml tm2m 

attl^^^fifefflO^f — y 6at%C r - 8 at% P t - 4 

u^_^S, hS:ffiV>yt. #JSOlglJ?tt^ TifilSlS nm, ^ 1 gSlKttlBI 

2. 5 n m. II 2 3SHKttlgl 9 n m, |^att^S;^-<--9-S 0 . 8nm, {SSI 

^6 n m Ufco 

iJltC. ±|BlC-C^§C>tu;fc«E^IS»iKfl£fCOV^T. «ie>l?4&H, (Oe) R 

'9-Ji4<^fij6|gl^©i»5R^JES:iiF<-r5»5ir»e>^*&H f ttiS^$iL» Ku V 

<9^^55"ff 4r 1 O-'Tor T b Lit^m (H„ifllOOOe) I^JtLT^ 
mm^EEi 1 0 o r r t {.it^n (H„4; 2000Oe) -Ctt. 
3 0 K u V/k,Tf±*?)2 2%19*DLTV>S. 

i^itfS 7 ®\c^ir X 0 iSr 3X1 0-«To r r~3Xl 0-*To 

T t <DiS&m t Lltm^iZ^ 1 0 0«±OK u V/kBT*S#e)tfC*J 0, # 

±IB 1 0 0 w±©K u V / kBTas^§?>4^5gfiffi•e^a.!fi^K'ttliSloH„^± i s 

0 0 O e £k±<Dm\'^mt:^ bfe. 
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o J; 5 ic:^mmicgs^mm:^m{z ^tht£. $^m^^M^^-'^m 4 ©fife 
Sr =^ i- S ^ IB ilk |« flE «r $8 5t # 5 o 

fife ffi >t if O m <^ fife 81 iSfe Sr II Jfe L r ^ I > O ^ ^ A/ -C fc S . 

»f®ia-ca> Oxmionii. m9 iajc^i-a^iB«is<osp»f®.ia-es>5, :^ 
8 9 igtc*5v>-c» 5 0 nmfs.^ y k. 7 o f±/N— K^-f ^ ^ ^te. 

7 1 filEft:. 7 2 t4^K^SgE^|!:^««c. 7 3f±;^-<-lJ-,7 9H;^'f:^^^T-A. 

^fe la m to ^ pj <D ^ gB ^ IK «c s: ^ m b -c V > 5 o 

0 >ici?«ri|Kj|ifi-rsrtS»^lffl«r<i^yi:E*-#:?^iytOfifflc7 l *s^^«rfifeLr 
*3 •) , ::ofii*:7 1 <Di^l3J{c«1il«!ctfcO<K«tg5»ai#: 7 2i)i:^^-'^7 3t 

t;° K/i' 7 4 ^nrsstt e>4xTVN 5. fc> 7 1 
f :^ K/W7 4 oitti^tt (S^^-T) jjssttt bti/. efls 7 1 o^l^^fujctt;^ f :^ 
KA'7 4 SrllIte$*Sfc«)0*— 7 5 ^siBK $ 5 » ^KOfllfifeicJ: 13 . 

±X <omfS.f&mmW^ 7 2 7 3 iC^^xmfS.^iy K 5 0 *sAS 

feo^PSiSr^tt-C^l^tfcfitayttlt^i-C. ;^ f v K/i' 7 4 HI «3 (site i 

gflc 7 1 (OrtaJ-ejfeoTiKlSfBiaaEfls: 7 2 Ofly|:^^^agtC tt, *ftS»t 7 6 
J; o-c:^ tf :^ K/v 7 4 i sptrJc^^^ $ nfc a — y - T ^ ^ ^ tvsf-ti 
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-A7 9 *s«-<»^IE«liflE 7 2 J: 5 JJ:Sit)#»t P>tu 

g 7 8 & ^ U-C^K^^ y K 5 0 /O^ 5l 9 # tt b ^ T V^ S o Clf^lK^^ 
y K 5 0 $*tTVN;5c»,>*^ «![ ^ SB » 7 2 L T W« ^ » t ii 

tf^i6©IE«ig^^ s mm^^m^m^ l 2 *»5>1f ^SrSBi^^^ttJ-t-fcftoS^Sf^'- 
i^^T-A 7 9 (^^ibic j; y> m%ts,mm^ 1 2 «>i|*^S:;^iRHc^gj!)$*s r. 

-BrSiri'bfC.^^^V^T — A7 9 Sr^^a $ * r^l^^ y K 5 0 Sra^lHi^ 
jetflE7 2 «r«fiJtb-Ci/^5 3fi«H44£jae{clK^'>.5' K5 0 dS36^Lyi:<KI!t«r 
f^^ i i: IdJ: •) ^fcLIB^fiEfls: 7 2 »cgff S(D«^ft« Sr S# iitr r t 

Sit, 7.^V'!fT'-J^7 9 S-^S!i^5*T«^^y K5 0 Sr«^IH 
miWk'^ 7 2 ±<^ff:^Oia:e(c^t«i$i±, SS^ISitiSfls: 7 2 Sr«^!)cU-C^^$!fi 

tiSr'r L-tv>6/j;e>«r, Kt'^t ^^iSg 7 0(^ 1^615 /6S^-^'7 SOfiaSr 
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* 7t . gl IE tt ySHK ^ # S: i- S a ^ 12 « fflE «E S: «i ;t IK IE ^ e 

5iK^IS^i««ESr{ixLy5:iK^iE«^SS-Cfe5 ferf . S / N tb^s iBl < , fEili 
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1. ^&.ikm»iz. ^mrmmt. mm^^ms t ^mizmmvxfj^zm 

5. gIffijS'g-:*f^»;i-^*n51»|gX«^*<^^ESr, 3xlO-»Torr 
iit±3Xl 0-*To r rU;(.Ti:-r5ri: Sr iRf t ^ ^ 4 {CfSife ^12 

/j:v> urn 5 ^ov>-f tt*^ 1 :®(cia^o?^^|2«t^K^*:oSSiiit:^j5te. 
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8. WftB.^mm^m^^ — -9-m k 1.x. Ru. I r. Cu. OsA^fcalti 

9. SiJia^JKttifeM;^'-^ — 1^;i<7>m)?:Sr> 0 . 5nmlil±l. Onmji;tT 
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